Context. About 10 persistently highly absorbed super-giant High-Mass X-ray Binaries (sgHMXB) have been discovered by INTEGRAL as bright hard X-ray sources lacking bright X-ray counterparts. Besides IGR J16318-4848 that features peculiar characteristics, the other members of this family share many properties with the classical wind-fed sgHMXB systems. Aims. Our goal is to understand the specificities of highly absorbed sgHMXB and in particular of the companion stellar wind, thought to be responsible for the strong absorption. Methods. We have monitored IGR J17252 − 3616, a highly absorbed system featuring eclipses, with XMM-Newton to study the variability of the column density and of the Fe Kα emission line along the orbit and during the eclipses. We also built a 3D model of the structure of the stellar wind to reproduce the observed variability. Results. We first derived a refined orbital solution for this system built from INTEGRAL, RXTE and XMM-Newton data. The XMMNewton monitoring campaign revealed significant variation of intrinsic absorbing column density along the orbit and of the Fe Kα line equivalent width around the eclipses. The origin of the soft X-ray absorption is modeled with an dense and extended hydrodynamical tail, trailing the neutron star. This structure extends along most of the orbit, indicating that the stellar wind is strongly disrupted by the neutron star. The variability of the absorbing column density suggests that the wind velocity is smaller (υ ∞ ≈ 400 km/s) than observed in classical systems. This can also explain the much stronger density perturbation inferred from the observations. Most of the Fe Kα emission is generated in the most inner region of the hydrodynamical tail. This region, that extends over a few accretion radii, is ionized and does not contribute to the soft X-ray absorption. Conclusions. We have built a qualitative model of the stellar wind of IGR J17252 − 3616 that can represent the observations and suggest that highly absorbed systems have a lower wind velocity than classical sgHMXB. This proposal could be tested with detailed numerical simulations and high-resolution infrared/optical observations. If confirmed, it may turn out that half of the persistent sgHMXB have low stellar wind speeds.
Introduction
High mass X-ray binaries (HMXB) consist of a neutron star or a black-hole fueled by the accretion of the wind of an early type stellar companion. Their X-ray emission, a measure of the accretion rate, shows a variety of transient to persistent patterns. Outbursts are observed on timescales from seconds to months and dynamical ranges varying by factors of 10 4 . The majority of the known HMXB are Be/X-ray binaries (Liu et al. 2006) , with Be stellar companions. These systems are transient, featuring bright outburst with typical duration on the order of several weeks (Charles & Coe 2006) . A second class of HMXBs harbour OB supergiants companions (sgHMXBs) feeding the compact object through strong, radiatively driven, stellar winds or Roche lobe overflow. Thanks to INTEGRAL, the number known sgHMXB systems tripled during the last decade .
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Highly absorbed sgHMXB were discovered by INTEGRAL (Walter et al. 2004) and are characterized by strong and persistent soft X-ray absorption (N H > 10 23 cm −2 ). When detected, these systems have short orbital periods and long spin periods . They corresponds to the category of windfed accretors in the Corbet diagram (Corbet 1986 ).
IGR J17252 − 3616 has been detected by IS GRI on board INT EGRAL on February 9, 2004 among other hard X-ray sources (Walter et al. 2004 . The source has first been detected by EXOS AT (EXO 1722-3616) as a weak soft X-ray source, back in 1984 (Warwick et al. 1988) . In 1987, Ginga performed a pointed observations and revealed a highly variable X-ray source, X1722-363, with a pulsations of ∼ 413.9 sec (Tawara et al. 1989) . Further Ginga observations revealed the orbital period of 9-10 days and a mass of the companion star of ∼ 15 M ⊙ (Takeuchi et al. 1990 ). Both papers concluded that the system was a high mass X-ray binary (HMXB).
INT EGRAL and XMM observations of IGR J17252 − 3616allowed to identify the infrared counterpart of the system and to accurately measure the absorbing column density and refine the spin period of the system. Thanks to the eclipses, an accurate orbital period could be derived from INT EGRAL data . Further RXTE observations re-vealed a highly inclined system (i > 61 o ) with a companion star of M * < ∼ 20 M ⊙ and R * ∼ 20 − 40 R ⊙ ( Thompson et al. 2007) . Recent VLT observations provided the companion spectral type Mason et al. 2009a ) and radial velocities measurements (Mason et al. 2009b) . Its spectral energy distribution can be characterized by a temperature of T * ∼ 30 kK and a reddening of A V ∼ 20 .
In this paper, we report on a monitoring campaign of IGR J17252 − 3616 performed with XMM-Newton along the orbit in order to estimate the structure of the stellar wind and of the absorbing material in the system. We describe the data and their analysis in Section 2, a refined orbital solution in section 3 and present the evolution of the X-ray spectral shape along the orbit in section 4. In section 5, we present and discuss a 3D model of the structure of the stellar wind that can reproduce the observations and conclude in section 6.
Data reduction and analysis

XMM-Newton
Pointed observations of IGR J17252 − 3616 were performed between August and October 2006 with XMM-Newton (Jansen et al. 2001) . We scheduled 9 observations to cover the orbital phases : 0. 01, 0.03, 0.08, 0.15, 0.27, 0.40, 0.65, 0.79, and 0.91 . In addition, we used one observation of 2004 with a phase of 0.37. The observations are summarized in table 1.
The Science Analysis Software (XMM-SAS) version 9.0.0 1 was used to produce event lists for the EPIC-pn instrument (Strüder et al. 2001 ) by running epchain. Barycentric correction and good time intervals (GTI) were applied. Photon pileup and/or out-of-time event were not identified among the data. High level products (i.e., spectra and lightcurves) were produced using evselect 2 . Spectra and lightcurves were built by collecting double and single events in the energy range 0.2 -10 keV. The lightcurves were built using 5 sec time bins. The spectra were re-binned to obtain 25 counts/bin for low count rate observations and 100 counts/bin for high count rate observation.
In one dataset (ObsID 0405640701, ∼ 19 ksec), the count rate above 10 keV has a very peculiar behavior, increasing monotonically with time. As this does not affect the background subtracted source lightcurve significantly we kept the entire data for pulse arrival times determination. Standard GTI was used for spectral analysis.
INTEGRAL
We reanalysed the complete hard X-ray light-curve of IGR J17252 − 3616 obtained with IS GRI (Lebrun et al. 2003) on board INT EGRAL (Winkler et al. 2003) . We extracted the 22-40 keV light-curve using the HEAVENS interface (Walter 2010) provided by the INT EGRAL Science Data Centre 3 Figure 1 shows (upper panel) the Lomb-Scargle power around the orbital period (dashed line). This period was used to refine the orbital solution (section 3.3). The lower panel of figure 1 shows the lightcurve folded with the newly derived orbital period. The eclipse is clearly detected with the count rate dropping to zero. In order to determine the PATs we used a pulse profile template. This template is derived by folding the lightcurve from observation 0405640801 with a period of 414.2 sec, obtained using the Lomb-Scargle technique (Press & Rybicki 1989) . This observation was selected because the source was very bright for a long and almost uninterrupted exposure.
A sequence of pulse profile template was fit to each individual lightcurve. This sequence is characterized by: (i) the time of a pulse at the middle of the observation, (ii) the pulse period, and (iii) the amplitudes of each pulse. This assumes that the pulse period is reasonably constant during each observation.
The statistical errors on the pulse time and period are typically 0.01 sec and 0.1 sec, respectively. Table 2 lists the pulse times and the spin period obtained at the middle of each observation. The spin periods were always consistent with the LombScargle period of each run.
The PAT accuracy is however limited by the systematic error related to the assumed pulse template. Using a different pulse profile template (derived from observation 0405640901) produces PAT with offset of 8 to 12 sec from the values listed in table 2. We adopted a systematic error of 10 sec.
Orbital Solution
We have derived the orbital solution using the PATs of the RXT E observation obtained by Thompson et al. (2007, Epoch 3) , and the PATs derived above from XMM data.
The orbital solution is obtained by comparing the observed pulse arrival delays (t n − t 0 − nP 0 − 1 2 n 2 P 0Ṗ ) to the expected ones α x sini cos[2π(t n −T 90 )/P orb ] ( Levine et al. 2004 ). The orbital parameters (the orbital period, P orb ; the projected semi-major axis, α x sini; the reference time corresponding to mid-eclipse, T 90 ) are assumed to be constant. To account for pulse evolution, two set of pulse parameters (spin period at time t 0 , P 0 ; spin period derivative,Ṗ) have been used for the RXT E and XMM campaigns. The pulse number n is given by the nearest integer to n = (t n − t 0 )/(P 0 + 0.5Ṗ(t n − t 0 )).
We have performed a combined fit for the RXT E and XMM observations. We derived the orbital solutions by (i) allowing all the parameters to vary freely and (ii) by fixing the orbital period to the value derived from INT EGRAL data. The resulting parameters are listed in table 3. We could also obtained an upper limit (90%) of e < 0.15 on the eccentricity. The latter has been achieved by adding the first-order term in a Taylor series expansion in the eccentricity (Levine et al. 2004 ). The RXT E and XMM orbital solutions are comparable and the resulting parameters are consistent within the errors.
The folded lightcurve obtained by INT EGRAL derived orbital period ( fig. 1 , lower panel) results in a pulse fraction ∼100%. For the rest of the analysis, we used the orbital solution obtained with fixed P orb (table 3) . Figure 2 shows the resulting pulse arrival times delays (fixed P orb ) for both RXT E and XMM data together with the best-fit orbital solution.
Spectral analysis
The spectral analysis was performed using the XSPEC 4 package version 11.3.2ag (Arnaud 1996) . In order to use the χ 2 ν statistics, we grouped the data to have at least 25 (faint spectra) and up to 100 (bright spectra) counts per bin. We initially fitted the observed spectra using a phenomenological model made of an intrinsically absorbed cutoff power law, a blackbody soft excess, and a gaussian Fe Kα line (wabs*(bb+gauss+vphabs*cutoff)). The centroid of the iron line is compatible with E c ∼ 6.40 ± 0.03 keV at all epochs.
The spectra are always strongly absorbed below ∼ 3 keV and feature an iron K-edge at ∼ 7.2 ± 0.2 keV. We first fit each spectrum with all parameters free, excepting the galactic absorption, fixed to N H = 1.5 × 10 22 cm −2 (Dickey & Lockman 1990) .
Fig. 2.
Delays (top) and residuals (bottom) derived from the fixed P orb orbital solution compared to the data. Left: RXT E data are taken from Thompson et al. (2007) . Right: XMM − Newton data from this work. Some parameters (photon index, cutoff energy, blackbody temperature, absorber Fe metallicity) did not vary (within the 90% errors) among the observations and were fixed to their average values of E C = 8.2 keV, Γ = 0.02, and kT BB =0.5 keV, Z=1 Z ⊙ . The Fe line energy is fixed to E=6.4 keV, with a nar-row width. Two representative spectra of our observations are displayed in figure 3 . The intrinsic absorbing column density and the normalization of each component could vary freely. The best fit parameters are listed in table 4. Figure 4 shows the variation of all these parameters and of the unabsorbed 2-10 keV flux and Fe Kα equivalent width (EW). The unabsorbed Fe Kα EW was calculated by setting the intrinsic absorbing column density to zero. All the spectral fits were good resulting in χ 2 ν ≈ 0.8 − 1.4, apart for the φ=0.03 observation providing a poor fit. During the eclipse, some parameters are poorly constrained.
The unabsorbed continuum flux ( fig. 4-f) is of the order of ∼ 5 × 10 −11 erg cm −2 s −1 outside of the eclipse. Variations are observed between (2 -10) ×10 −11 erg cm −2 s −1 and they can be interpreted as variation of the accretion rate (Ṁ). During the eclipse the continuum flux drops by a factor of ∼ 200 and remains stable at the level of F 2−10kev unabs ≈ (7 ± 1) × 10 −13 erg cm As the X-ray continuum illuminating the gas emitting the Fe fluorescent line cannot be measured during the eclipse we calculated a corrected Fe Kα EW by assuming a constant continuum flux of 1.8 × 10 −3 ph keV −1 cm −2 s −1 (fig. 7 ).
Discussion
5.1. Constraining the physical parameters of the system.
In the previous sections we have derived an orbital solution (table 3) yielding a mass function f = 4π 2 (α x sin i)
This is consistent with a high mass x-ray binary system.
Adopting an inclination i = 90 o we infer a mass M OB ∼ 14 M ⊙ for the donor star. Radial velocity observation showed q = M X /M OB ∼ 0.1 (Mason et al. 2009b) . Using an upper limit on the mass of ∼ 20M ⊙ (Thompson et al. 2007 ) constrain the inclination of the orbit i > 70
• . Mason et al. (2009b) estimated an inclination i ≈ 75
• − 90
• . With this value the mass of the donor star is constrained in the range M OB ≈ 14 − 17 M ⊙ . The mass ratio and the donor mass imply a neutron star mass M NS = 1.4 − 1.7 M ⊙ . Both the masses of the donor star and of the compact object are roughly similar (within a factor of 2) to Vela X-1 (Quaintrell et al. 2003; van Kerkwijk et al. 1995) .
The separation of the system could be derived from the duration of the eclipse and the inclination (Joss & Rappaport 1984) . For the eclipse duration of ∆φ ≈ 0.18 ± 0.02 (i.e. 1.75 days) we can estimate the separation α x ≈ 1.7 − 1.8 R * . The Roche lobe (R L ) of the system scales from R L = 0.99 − 1.06 R * assuming a synchronous rotation (Joss & Rappaport 1984) . This means that the system is very close to fill its Roche lobe and form an accretion disk, although no significant spin-up has been observed.
Using our VLT observations, Mason et al. (2009a) performed near-IR spectroscopy of IGR J17252 − 3616 and concluded that the donor star is a B0-B5 I to B0-B1 Ia with effective temperature T e f f = 22−28 kT and a stellar radius of R * = 22−36 R ⊙ . Based on a spectroscopic determination, we can translate it into absolute numbers for the separation (α x ≈ 37 − 64 R ⊙ ) and the Roche lobe radius (R L ≈ 22 − 38 R ⊙ ).
The unabsorbed 2-10 keV source flux is in the range (0.2 − 1.3) × 10 −10 erg s −1 cm −2 . Adopting a mean value of (0.8 ± 0.3) × 10 10 erg s −1 cm −2 and assuming a distance of 8 kpc (Mason et al. 2009a ) the inferred 2-10 keV unabsorbed luminosity is L X ∼ 10 36 erg s −1 . Assuming accretion as the source of energy (L X = ǫṀc 2 , we can estimate a mass accretion rate ofṀ ∼ 10 −9 M ⊙ yr −1 similar to that of Vela X-1 (Fürst et al. 2010) . During the eclipse, the X-ray luminosity drops by a factor of ∼ 200 resulting a L X ∼ 5 × 10 33 erg s −1 . As OB stars are emitting in X-rays with a luminosity L X ∼ 10 31−32 erg s −1 (Güdel & Nazé 2009), this emission is probably dominated by scattering in the stellar wind (Haberl 1991) . Hickox et al. (2004) have discussed the origin of soft X-ray excesses in many types of accreting pulsars. It is likely, that the fairly constant soft X-ray excess observed in IGR J17252 − 3616 is emitted by recombination lines (Schulz et al. 2002) in a region of the wind larger than the stellar radius (Watanabe et al. 2006) .
For a spherically symmetric stellar wind, one would expect to have smooth and predictable variations on the absorbing column density along the orbit. In particular observations on the same line of sight or symmetric when compared to the eclipse must result in different, respectively identical, column densities. 
Stellar wind structure
We have constructed a 3D model of the OB supergiant stellar wind in order to simulate the variability of the intrinsic column density (N H ) and of the Fe Kα line equivalent width (EW), along the orbit, and to compare them with the observations. We have assumed a distance D ≈ 8 kpc (Mason et al. 2009a ), a circular orbit (e = 0) and an edge-on geometry (i = 90
• ).
Variability of N H along the orbit
We first investigate the behavior of the intrinsic column density, N H , as a function of phase, to reveal the structure of the wind along the orbit. We approximated the wind structure with two components, the unperturbed wind (ρ wind ) and a tail-like hydrodynamic perturbation (ρ tail ) related to the presence of the neutron star. Tail-like structures are predicted by hydrodynamical simulations (Blondin et al. 1990) but produce N H , up to ∼10 22 cm −2 , too small to account for the variability observed in IGR J17252-3616.
The unperturbed stellar wind has been modeled by assuming a standard wind profile (Castor et al. 1975) ,
where υ(r) is the wind velocity at distance r from the stellar center, υ ∞ is the terminal velocity of the wind, and β is a parameter describing the wind gradient. The conservation of mass provides the radial density distribution of the stellar wind. The unperturbed stellar wind is a good approximation within the orbit of the neutron star. Hydrodynamical simulations (Blondin et al. 1990 (Blondin et al. , 1991 Blondin 1994; Blondin & Woo 1995; Mauche et al. 2008) of HMXB have shown that the wind can be highly disrupted by the neutron star beyond the orbit. To estimate the terminal velocity of the unperturbed wind, we have studied the N H variability using three different sets of parameters (Fig. 5) . The mass-loss rate and terminal velocity are constrained by the data to be in the rangeṀ w /υ ∞ ∼ (0.7 − 2) × 10 −16 M ⊙ / km; (β has a very limited impact on the results, we used 0.7).
The fraction of the wind captured by the neutron star can be estimated from the accretion radius
11 cm (where υ orb = 250 km/s is the orbital velocity) as
−4 . The mass-loss rate is thereforė M w ∼ f −1Ṁ ≈ 1.5 · 10 −6 M ⊙ /yr and the terminal velocity of the wind constrained in the interval υ ∞ ∼ 250 -600 km/h.
In our simulation we have adopted a terminal velocity υ ∞ =400 km/sec, a stellar radius R * =29 R ⊙ , a wind gradient β=0.7, and a mass loss rateṀ * = 1.35×10 −6 M ⊙ yr −1 . A summary of the assumed, observed, and inferred parameters of the model is listed in table 5. The variability of N H along the orbit indicates that the unperturbed wind is adequate for phases φ ≈ 0 − 0.35. For φ > ∼ 0.35, N H is increasing by ∼ 2 × 10 23 cm −2 . This indicates that a high density tail-like structure lies on one side of the orbit, trailing the neutron star. The tail-like component is still present up to φ > ∼ 0.8.
We have assumed that, the tail-like structure is created very close to the NS and is opening with distance from the neutron star. The density of the material inside the 'tail' is decreasing with distance for mass conservation. Its distribution follows a 'horn'-like shape with a circular section. We have adjusted the density of the tail-like structure to match the observations. The density distribution ρ wind + ρ tail is displayed in figure 6 . The supergiant is located at the center (black disk). The tail-like structure covers about half of the orbit. Figure 5 displays the simulated N H variability from the above density distribution together with the observed data points. The data and the model shows that the tail-like perturbation is essential to understand the observed variations of the N H .
Variability of the Fe Kα line along the orbit
Assuming that the intrinsic X-ray flux is not affected by the eclipse, the Fe Kα equivalent width drops by a factor ∼ 10 during the eclipse in an orbital phase interval of ∼ 0.1. This indicates that the radius of the region emitting Fe Kα is smaller than half of the stellar radius (< 10 12 cm) and much more compact than the tail structure responsible for the N H variability profile.
Vela X-1 shows a similar behavior that was interpreted with an emitting region of the size of (Ohashi et al. 1984) , or even within (Endo et al. 2002) , the accretion radius.
Outside of the eclipse, the equivalent width of the Fe Kα line is of the order of 100 eV. Following Matt (2002) and assuming a spherical transmission geometry, this corresponds to a column density of N H ∼ 2 · 10 23 cm −2 . As this additional absorption is not observed, the region emitting Fe Kα is partially ionized.
A ionization parameter ξ = L/nR 2 in the range 10-300 is required to fully ionize light elements contributing to the soft Xray absorption and to keep an Fe Kα line at the energy of 6.4 keV Kallman & McCray 1982) . The density of the Fe Kα emitting region is therefore ∼ ξ −1 R 12 −2 · 10 12 cm −3 , where R 12 is the distance from the neutron star in units of 10 12 cm. As N H = nR ∼ 2 × 10 23 cm −2 we have ξ ∼ 5/R 12 . A dense cocoon is therefore needed around the neutron star with a size 0.5 > R 12 > 0.02 and a density 10 11 cm −3 < n < 3 · 10 12 cm −3 . To match the observed column density variability, the radius and the density of the inner region of the tail structure were set to 4 · 10 11 cm and 3 · 10 11 cm −3 respectively. It is therefore very likely that the dense cocoon corresponds to the inner and ionized region of the hydrodynamical tail.
We have thus added this partially ionized cocoon in our simulations, using a density of 3 · 10 11 cm −3 within a radius of ∼ 6 · 10 11 cm ∼ 3 R acc . The Fe Kα emissivity map (Fig. 8 ) is built applying an illuminating radiation field (∼ 1/r 2 ) to the density distribution. Figure 7 displays the resulting simulated profile of the Fe Kα equivalent width together with the observed data. The green curve shows the variations of the Fe Kα equivalent width expected from the wind density profile excluding the central cocoon, which obviously could not reproduce the data. The black curve accounts for the dense central cocoon. The exact profile of the eclipse is related to the size and density profile of the cocoon. No effort has been made to obtain an exact match to the data.
The ionized cocoon is expected to produce an iron K-edge at ∼ 7.8 keV. For a column density of N H ∼ 2 × 10 23 cm −1 , the optical depth of this edge τ ∼ 0.2 ) remains difficult to detect. Even our observation at an orbital phase 0.14 (the best candidate for the detection of the ionised edge) does not have enough signal.
The mass of the tail-like structure M tail ∼ 10
where r e f f is an effective radius for the funneling of the wind in the tail. For a tail accumulation time scale (t tail ) comparable to the orbital period of (∼ 10 days), this effective radius becomes 12 R acc .
The orientation of the tail-like structure depends on the wind and orbital velocity. The angle between the wind velocity and the orbital velocity is given by tan(α) = υ orb /υ. The tail obtained in our simulations is tilted by α ∼ 80 o . This would correspond to υ ∼ 0.2 υ orb ≈ 50 km/s which is lower than υ(R orb ) ≈ 250 km/s because of the ionization of the stellar wind in the vicinity of the neutron star. 
Conclusions
We have presented the analysis of an observing campaign performed with XMM − Newton on the persistently absorbed sgH-MXB IGR J17252 − 3616. Nine observations have been performed over about four weeks, distributed on various orbital phases. Three of them were scheduled during the eclipse of the neutron star by the companion star. We first refined the orbital solution, using in addition archival INT EGRAL and RXT E data and found an orbital period of 9.742 d and a projected orbital radius of 101 ± 2 lt-s. The pulsar spin period varies between 414.3 and 413.8 sec during the observing campaign.
The X-ray spectrum (0.2 -10 keV), which varies along the orbit, was successfully fit using an absorbed cut-off power law continuum, a soft excess and a gaussian emission line. The soft excess, modeled with a black body, remained constant.
The continuum component varies in intensity (a measure of the instantaneous accretion rate) but features a constant spectral shape, as usually observed in accreting pulsars.
The absorbing column density and the Fe Kα emission line show remarkable variations. The column density , always above 10 23 cm −2 , increases towards 10 24 close to the eclipse, as expected for a spherically symmetric wind. The wind velocity is unusually small with υ ∞ = 400 km/s. An additional excess of absorption of 2 · 10 23 cm −2 is observed for orbital phases φ > 0.3 revealing an hydrodynamical tail, trailing the neutron star.
During the eclipse, the equivalent width of the Fe Kα line drops by a factor > 10 indicating that most of the line is emitted in a cocoon surrounding the pulsar, with a size of a few accretion radia. This cocoon is ionized and corresponds to the inner region of the hydrodynamical tail
The parameters of the IGR J17252 − 3616 are very similar to these of Vela X-1, excepting for the smaller wind velocity. We argue that the persistently large absorption column density is related to the hydrodynamical tail, strengthened by the low wind velocity. The tail is a persistent structure dissolving on a time scale comparable to the orbital period.
Our interpretation can be tested using numerical hydrodynamical simulation and high resolutions optical/infrared spectroscopy. If confirmed, it may turn out that half of the persistent sgHMXB have stellar wind speeds several times lower than usually measured.
